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ULTRA HIGH STRENGTH SCREW HAVING A
HIGH YIELD RATIO

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to co-pending German
Patent Application No. DE 102011 055 4971 entitled “Ultra-
hochfeste Schraube mit hohem Streckgrenzverhaltnis™, filed
Nov. 18, 2011.

FIELD OF THE INVENTION

The invention relates to a high strength screw, a screw joint
including a high strength screw and a component as well as a
method for producing a high strength screw.

BACKGROUND OF THE INVENTION

An ultra high strength screw having a bainite structure, a
screw joint with such a screw and a component as well as a
method for producing such a screw are known from German
Patent Application No. DE 10 2008 041 391 Al. The bainite
structure has been produced by austempering, and it substan-
tially extends over the entire cross-section of the screw. The
screw thus has a tensile strength R, of at least 1,400 N/mm?.
Due to the bainite structure, the screw has extremely high
strength values in connection with maximum ductility values.
The screw especially has a yield ratio of less than 90% and
preferably of less than 80%.

Additional prior art is known from the examination proce-
dure of the above described German Patent Application DE
102008 041 391. These are the documents DE 28 17 628 C2
(corresponding to GB 2019 436 A), DE 1 758 287 A (corre-
sponding to GB 1200423 A), DE 1 558 505 A (corresponding
to U.S. Pat. No. 3,528,088), DE 23 26 882 A (corresponding
to GB 1425738 A), DE 698 07297 T2 (corresponding to U.S.
Pat. No. 6,149,743), JP 09263875 A Patent Abstracts of
Japan, DE 10 2005 004 712 A1 (corresponding to EP 1 564
422 B1),GB 1492720 A,EP 1728 883 Al (corresponding to
US 2007/0187003 A1), DE 103 26 898 A1 as well as “Verbin-
dungselement “Pass-Dehn-Schraube”-Mehrfachverschrau-
bung im iiberelasti-schen Bereich” in “Der Konstrukteur 4”,
1986, pages 40, 42, 44; “Handbuch der hoch-festen
Schrauben, 1. Auflage, 1986, page 225, 8.3.3”; SAE-2003-
01-1179; SAE-2007-01-1003; and “Vortrag der Arcelor Mit-
tal”.

SUMMARY OF THE INVENTION

The present invention relates to a high strength screw with
a bainite structure which has a yield ratio of at least 0.95.

The invention also relates to a screw joint including such a
high strength screw and a component being fastened by the
high strength screw by screwing.

The invention also relates to a method of producing a high
strength screw in which the screw having a bainite structure is
heat-treated such that the screw attains a yield ratio of at least
0.95.

Definitions

Yield ratio: The yield ratio is to be understood as the ratio
between the 0.2% proof stress R, , and the tensile strength
R,..

High strength screw: A high strength screw is to be under-
stood as a screw having a tensile strength R, of at least 800
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N/mm?. In the prior art, high strength screws have been sub-
stantially understood as being part of the property classes 8.8,
10.9 and 12.9.

Ultrahigh strength screw: An ultra high strength screw is to
be understood as a screw having a tensile strength R, of at
least 1,400 N/mm?.

Uniform elongation: The uniform elongation is to be
understood as the plastic change of length, during a tensile
test, in relation to the initial length when subjecting the screw
with the force being associated with the tensile strength R ,,.
The uniform elongation thus indicates that the screw does not
constrict in this region, but instead is uniformly extended.

Further Description

The novel screw thus has a yield ratio of atleast 0.95. When
the yield ratio is approximately 1, the proof stress approxi-
mately corresponds to the strength limit. This is also desig-
nated as an elastic/perfect plastic behavior. The screw plasti-
cizes and does no longer work harden when further tightening
the screw until it breaks. Such a screw is optimal for tighten-
ing the screw joint by yield stress controlled tightening meth-
ods as well as methods using the torque and angle tightening
method.

A vyield ratio of more than 1 means that the screw has its
maximum strength and thus the maximum clamp load when
reaching the yield point and that the clamp load then slightly
decreases to a constant level (see F1G. 3). When tightening the
screw by moment (torque) and the rotational angle, this slight
decrease however does not cause problems.

The novel screw with the high yield ratio is also especially
suitable for being tightened by a yield stress controlled tight-
ening method. During such a tightening method, the tighten-
ing tool permanently detects the change of the slope in the
curve of the torque and the rotational angle. Since this slope
at the yield point deviates from Hooke’s straight line, the
yield point can be detected by this change. In the prior art, this
detection was however practically not possible or very diffi-
cult since the used materials do not have distinctive yield
points and thus the transition from Hooke’s straight line into
the plastic region was comparatively slow and not character-
istic. Due to the novel yield ratio of the screw according to the
invention of approximately 1, this transition now is clearly
detectable and thus can also be clearly and accurately
detected under rough operational conditions.

The novel screw comes very close to elastic/perfect plastic
properties and it has a great forming capacity. Due to the high
yield ratio and the good plasticity, itis possible to almost fully
use the strength of the screw as well as the forming capacity
and thus the maximum possible clamp load. Furthermore, itis
possible to apply the maximum attainable clamp load while
only causing little plastic deformation of the screw when
tightening the screw for a plurality of times. The entire plas-
ticity of the screw thus is available even when tightening the
screw for a plurality of times in an over-elastic way.

When tightening screw joints including a high strength
screw, it is often set forth in practice that the first tightening
process and the second tightening process are to be conducted
using the same tightening procedure. In the prior art using the
known screws having a yield ratio of 0.8, for example, this
causes problems when using this tightening provision two
times or more. A first possibility was to tighten the screw joint
until the plastic plateau after the elastic portion has been
reached. During the next tightening process, the same clamp
load is reached, but due to strain hardening caused by the first
tightening process, greater plastification of the screw occurs
at the same rotational angle. In other words, this second
tightening process ends further on the right of the horizontal
straight line representing the plastic deformation. A part of
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the forming capacity being available in the plateau has
already been consumed. This leads to constriction and failure
of the screw, respectively, either already during the second
tightening process or during the following tightening pro-
cesses. A second possibility is that tightening of the screw
joint is stopped before having reached the plastic plateau. If
one maintains this tightening provision of the first tightening
process, different clamp loads result if the screw connecting is
tightened for a plurality of times, which is also not desired.
For optimal use of the strength of the screw, it is however
necessary to tighten the screw significantly beyond the yield
point.

Due to the high yield ratio of the novel screw of at least
0.95, especially between 0.97 and 1.05, preferably between
0.99 and 1.03, the same defined clamp load is reliably attained
during multiple tightening processes of the screw joint. The
high yield ratio means that there is a sharp kink in the stress
strain diagram in the transition portion between the linear
elastic portion (Hooke’s straight line) and the plastic portion.
This sharp kink can be reliably detected.

The novel high strength screw has a bainite structure which
at least partly has been produced by austempering. The bain-
ite structure leads to extremely high tensile strength while
there also is extremely high ductility. This high ductility or
toughness substantially differentiates the bainite structure
from a martensite structure which is produced in the prior art
in the known way by hardening and following tempering. In
contrast thereto, austempering means that hardening is
instead realized by rapid cooling from the austenite phase due
to an isothermal structural transformation in the bainite
phase. The element, especially the screw, is located in a salt
bath at an isothermal temperature until the structural trans-
formation from austenite to bainite has been completed over
the entire cross-section. The tempering step being required
during martensite hardening preferably may be omitted.
Thus, the tendency of hardening distortion is reduced.

Due to austempering, the direct structural transformation
from martensite and thus the abrupt lattice transformation
resulting in great lattice tensions is omitted. This means that
the parts having the bainite structure are characterized by
extremely high strength values in combination with maxi-
mum ductility values. For further details and advantages of
the bainite structure, it is referred to German Patent Applica-
tion DE 10 2008 041 391 A1 of the applicant.

The high yield ratio is especially attained by specific
method steps after austempering. In a first variant, the first
respective method step is cold forming of the screw resulting
in the dislocation density in the material being increased. This
cold forming may be especially a tensile stress (“stretching”)
in an axial direction. However, combined tensile and torsional
stresses are also possible as cold forming steps. It is essential
that the realized deformation results in a certain increase of
the dislocation density in the material.

In a following method step or a separate method step, heat
treatment of the screw at comparatively low temperatures is
realized. The heat treatment causes precipitations and diffu-
sion of interstitially dissolved alloying elements—as espe-
cially C, B and N—, that collect in the dilatation portion of the
dislocations and that prevent dislocating movements. In this
way, resistance is increased and one attains a higher yield
point. The tensile strength R, is not changed or not signifi-
cantly changed (especially, it is increased by approximately
5%), such that essentially an increase of the 0.2 proof stress
R, accounts for the increase of the yield ratio. Heat treat-
ment may especially occur at a temperature of between 100°
C. and 400° C., preferably between 120° C. and 250° C., for
example during treatment periods of 0.5 to 50 hours. The time
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duration of the heat treatment depends on the condition of the
material, its chemical composition and the desired strength.

In another variant of the producing method for attaining the
high yield point, the cold forming step after austempering is
omitted. However, heat treatment of the screw takes place,
this treatment especially taking place at a temperature of
between 350° C. and 600° C., preferably between 400° C. and
550° C., at treatment periods of 0.5 to 2 hours, for example.
Due to the higher treatment temperatures, heat treatment in
this case leads to a reduction of the tensile strength due to
healing of dislocations, on the one hand, and to the precipi-
tation of carbides of the alloying elements, as for example Cr,
Mo, Mn, Ni and V, Nb or Ti on the other hand. This leads to a
dislocating movement being prevented and thus the yield
point being increased or at least a decrease of the yield point
being counteracted due to the healing of dislocations. The
desired increase of the yield ratio is thus realized in this
method by reducing the tensile strength while the yield point
remains approximately the same.

Independent of the fact if the second heat treatment takes
place with or without intermediate cold forming, it can be
advantageously combined with additional method steps of
producing the screw—especially with a surface coating step
anyway taking place and requiring a heat treatment for evapo-
rating or burning-in of the coating materials, for example.
Such surface treatments are e.g. used for increasing corrosive
protection.

The screw especially has a uniform elongation of at least
0.5%, preferably of at least 0.6%. This means that the plateau
in the stress strain diagram is comparatively long and thus
multiple tightening operations of the screw joint above the
yield point are possible without constriction and failure of the
screw. The same defined clamp load can also be realized
easily during a second, third, fourth, fifth, and so forth tight-
ening process of the screw joint.

It is known that high strength screws are produced by cold
forming. The starting material used for this process is usually
called “wire”. The wire used for the novel high strength screw
may be made of cold formable non-hardened and non-tem-
pered steel, and it may have a carbon content of approxi-
mately 0.2% to 0.6%. The steel may include alloying ele-
ments, especially Cr, Mo, Mn, Ni, V, Nb or Ti with a total
share of more than approximately 1.1%.

The screw may be designed as an ultra high strength screw
having a tensile strength R, of at least 1400 N/mm?. Such a
ultra high strength screw with the novel yield ratio also pro-
vides extremely high clamp loads in a reproducible way dur-
ing multiple tightening processes. According to the accepted
naming conventions, such a screw would be in the strength
classes 14.10, 15.10, 16.10, 17.10 or higher (that still need to
be defined).

The screw may include a coating in the form of an anti-
friction lacquer, a bonded coating or a lubricant, the lubricant
especially including MoS, MoS,, graphite, polyethylene or a
different polymer as the lubricating material. Alternatively,
the screw may be phosphated and oiled. These coatings pro-
vide uniform friction coefficients also during multiple tight-
ening processes such that the conditions during multiple
tightening processes are standardized in this way.

The screw may have a small share of martensite of less than
15%. The feature according to which the high strength screw
has a bainite structure does not mean that this feature is not
realized when there are small portions of a different struc-
ture—martensite or retained austenite, for example. The
bainite structure preferably predominantly consists of lower
bainite and it can also include structural portions of the upper
bainite as well as of the lower bainite or of grained bainite. In
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addition, there may be small portions of martensite in a con-
trolled way, i.e. portions of especially less than approximately
15%, portions of approximately 10% or less, portions of
between 8% and 11% or portions of between approximately
3% and 5%. These portions relate to the surface portions of
the martensite in an average cross-sectional surface of the
screw. Due to the martensite portion, the tensile strength is
increased, while the bainite portion is kept great enough to
attain the desired high durability.

The novel method for producing the high strength screw
includes the following steps:

producing a bainite structure,

heat treatment of the screw such that the screw attains a

yield ratio of at least 0.95.

Before the second method step, there may be another
method step during which cold forming of the screw is real-
ized, for example by stretching in an axial direction. Another
method step is the production of the thread. This may take
place at different points in time, as this will be further
explained herein below.

Advantageous developments of the invention result from
the claims, the description and the drawings. The advantages
of features and of combinations of a plurality of features
mentioned at the beginning of the description only serve as
examples and may be used alternatively or cumulatively with-
out the necessity of embodiments according to the invention
having to obtain these advantages. Without changing the
scope of protection as defined by the enclosed claims, the
following applies with respect to the disclosure of the original
application and the patent: further features may be taken from
the drawings, in particular from the illustrated designs and the
dimensions of a plurality of components with respect to one
another as well as from their relative arrangement and their
operative connection. The combination of features of difter-
ent embodiments of the invention or of features of different
claims independent of the chosen references of the claims is
also possible, and it is motivated herewith. This also relates to
features which are illustrated in separate drawings, or which
are mentioned when describing them. These features may
also be combined with features of different claims. Further-
more, it is possible that further embodiments of the invention
do not have the features mentioned in the claims.

The number of the features mentioned in the claims and in
the description is to be understood to cover this exact number
and a greater number than the mentioned number without
having to explicitly use the adverb “at least”. For example, if
an element is mentioned, this is to be understood such that
there is exactly one element or there are two elements or more
elements. If however it is intended to mention the exact num-
ber of a feature, the adjective “exactly” is used before the
respective feature. Additional features may be added to these
features, or these features may be the only features of the
respective product.

Other features and advantages of the present invention will
become apparent to one with skill in the art upon examination
of the following drawings and the detailed description. It is
intended that all such additional features and advantages be
included herein within the scope of the present invention, as
defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be better understood with reference to
the following drawings. The components in the drawings are
not necessarily to scale, emphasis instead being placed upon
clearly illustrating the principles of the present invention. In
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the drawings, like reference numerals designate correspond-
ing parts throughout the several views.

FIG. 1 illustrates a first exemplary embodiment of the
novel screw joint including a high strength screw and a com-
ponent.

FIG. 2 illustrates a schematic stress strain diagram of a first
exemplary embodiment of the novel screw joint compared to
the prior art.

FIG. 3 illustrates a schematic stress strain diagram of a
second exemplary embodiment of the novel screw joint.

FIG. 4 illustrates a schematic stress strain diagram of the
novel screw joint according to FIG. 1 when being tightened
for a plurality of times.

FIG. 5 illustrates a block diagram of a first exemplary
embodiment of the novel method for producing a novel screw.

FIG. 6 illustrates a block diagram of a second exemplary
embodiment of the novel method for producing a novel screw.

DETAILED DESCRIPTION

Referring now in greater detail to the drawings, FIG. 1
illustrates a first exemplary embodiment of a screw joint 1
including a high strength screw 2 as well as a first component
3 and a second component 4. The screw 2 includes a head 5,
a shank portion 6 and a threaded portion 7 having an outer
thread 8. The first component 3 includes a bore 9, and the
second component 4 includes a bore 10. The bore 10 has an
inner thread 11 corresponding to the outer thread 8 of the
screw 2. The clamping force being necessary for realizing a
secure screw joint 1 is realized by the engaging threads 8, 11
and the head contact surface 12 of the head 5 of the screw 2.

The novel screw 2 is an ultra high strength screw having a
tensile strength of at least 1400 N/mm?. The screw 2 has a
bainite structure substantially extending over the entire cross-
section of the screw 2. Especially, the bainite structure has
been produced by austempering. The screw 2 may be initially
tightened during a training tightening process during which
the screw 2 is tightened beyond its yield point. For finally
producing the screw joint 1, the second tightening process of
the screw joint 1 is realized in the sense of at least reaching the
increased yield point resulting from the training tightening
process.

FIG. 2 illustrates a schematic stress strain diagram of a first
exemplary embodiment of the novel screw joint 1 compared
to a common screw joint according to the prior art. The curve
of the screw joint 1 according to the invention illustrated by
the continuous line is designated by reference numeral 13,
while the curve of the screw joint according to the prior art
illustrated by the broken line is designated by reference
numeral 14.

In the screw joint of the prior art, the curve follows the
usual course, i.e. after Hooke’s straight line 15, there is a
transition portion extending over a comparatively great rota-
tional angle and comparatively great straining, respectively,
until the plastic plateau 16 is reached. The 0.2% proof stress
R, » and the tensile strength R, differ substantially such that
a yield ratio of approximately 0.8 or 0.9 at the maximum is
realized. The plateau 16 following further tightening of the
screw joint is comparatively short and ends in a constriction
point 17. Further tightening of the screw joint then leads to
failure.

As it is to be seen well in FIG. 2, the course of the curve
according to the invention 13 substantially differs from the
one of the prior art 14. Hooke’s straight line 15 is longer, and
it is connected to the plateau 16 by a comparatively sharp kink
point 18 due to the fact that the yield ratio is approximately 1.
The 0.2 proof stress R,,; , and the tensile strength R, thus
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have approximately the same value. Compared to the prior art
14, the plateau 16 has a much longer horizontal extension, and
it then ends in the constriction point 19. This comparatively
great length of the plateau 16 means that the novel screw 2 has
comparatively great plasticity while the tension is constant.
The uniform elongation resulting therefrom may be espe-
cially at least 0.5% and preferably at least 0.6%.

FIG. 3 illustrates a schematic stress strain diagram of a
second exemplary embodiment of the novel screw joint 1. In
contrast to the embodiment according to FIG. 2, this is a case
in which the yield point R, is located above the tensile
strength R .. The transition between Hooke’s straight line 15
and the plateau 16 differs from the one illustrated in FIG. 2. It
is to be seen that a plateau 16 also being comparatively long
is available.

FIG. 4 illustrates a schematic stress strain diagram of the
novel screw joint 1 according to FIG. 1 during multiple tight-
ening with the rotational angle tightening provision or the
combined tightening provision with the joining moment plus
the rotational angle. In the present example, there are five
consecutive tightening processes. It is to be seen that after
tightening the screw joint 1 beyond the point where the 0.2
proofstress R , , has been reached, a constant clamp load of
the screw 2 is attained. After the first tightening process (see
the left upward arrow) and the following untightening (or
loosening) process (see the left downward arrow) the second
tightening process (see the second upward arrow from the
left), R, and R , , are reached after a greater rotational angle.
In this sense, a part of the plateau 16 has already been con-
sumed. The same applies accordingly during the third, fourth,
fifth and so forth tightening process. Compared to the prior
art, R, and R, , are always already reached at a smaller
rotational angle, and only a smaller part of the plateau 16 is
consumed during each tightening process. Due to the great
uniform elongation, the screw 2 has sufficient potential to
provide constant tensional forces during multiple tightening
with the same tightening provision. When using a yield stress
controlled tightening method in which the transition point can
be very well detected in the screw 2 according to the inven-
tion, the tightening curves and the untightening curves are
located even substantially closer to one another such that the
screw 2 can be tightened practically for an unlimited number
of times.

FIG. 5 illustrates a block diagram of a first exemplary
embodiment of the novel method for producing the screw 2.
The block diagram partly illustrates variants of the method by
listing different items on the left side and on the right side,
respectively. The starting material is a cold formed steel not
being hardened and not being tempered and having a carbon
content of approximately 0.2 to 0.5%. The steel can either be
unannealed or annealed (by annealing on spheroidized
cementite; “GKZ annealing™). Cold forming takes place after
stretching. In the following, the thread can be produced or,
without this step, the bainite structure is produced, especially
by austempering. [fthe thread has not yet been produced, this
is then realized in the next step. In the following, further cold
forming is realized, for example by stretching. Finally, heat
treatment takes place, especially by a temperature of between
approximately 100° C. and 400° C.

FIG. 6 shows a block diagram of a second exemplary
embodiment of the novel method for producing a screw 2. In
this case, the cold formed steel includes alloying elements of
a total of more than approximately 1.1%. Especially, these
alloying elements may be Cr, Mo, Mn, Ni, V, Nb and Ti. The
following method steps are then conducted in the same way as
in the embodiment according to FIG. 5. In contrast thereto,
the cold forming step, for example by stretching, does not
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take place, and instead heat treatment takes place at greater
temperatures. These temperatures may be especially approxi-
mately between 350° C. and 600° C. In case the thread has not
yet been produced by cold forming, this is realized after-
wards.

Many variations and modifications may be made to the
preferred embodiments of the invention without departing
substantially from the spirit and principles of the invention.
All such modifications and variations are intended to be
included herein within the scope of the present invention, as
defined by the following claims.

We claim:

1. A method of producing a high strength screw, compris-
ing the steps:

producing the screw from a wire by cold forming; and

heat treatment of the screw having a bainite structure sub-

stantially extending over the entire cross-section of the
screw such that the screw attains a yield ratio of between
0.97 and 1.05 and a uniform elongation of at least 0.5%.

2. The method of claim 1, wherein the bainite structure is at
least partly produced by austempering.

3. The method of claim 1, wherein the yield ratio has been
realized after austempering by cold forming and following
heat treatment of the screw.

4. The method of claim 3, wherein cold forming of the
screw is stretching in an axial direction and heat treatment of
the screw is realized at a temperature of between 100° C. and
400° C.

5. The method of claim 1, wherein the yield ratio after
austempering is realized by heat treatment of the screw at a
temperature of between 350° C. and 600° C.

6. The method of claim 1, wherein the wire is made of cold
formable unhardened and untempered steel having a carbon
content of 0.2% to 0.6%.

7. The method of claim 6, wherein the steel includes alloy-
ing elements, namely, Cr, Mo, Mn, Ni, V, Nb and Ti, with a
total share of more than approximately 1.1%.

8. The method of claim 1, wherein the screw is designed as
an ultra high strength screw having a tensile strength R, of at
least 1400 N/mm?>.

9. The method of claim 1, further comprising the steps:

applying a coating to the screw, the coating being selected

from the group consisting of an anti-friction lacquer, a
bonded coating and a lubricant, the lubricant including
at least one material selected from the group consisting
of MoS, MoS,, graphite, polyethylene and other poly-
mers.

10. The method of claim 1, further comprising the steps:

phosphating and oiling of the screw.

11. The method of claim 1, wherein the screw includes a
low share of martensite of less than 15%.

12. A method of producing a high strength screw, compris-
ing the steps:

producing the screw from a wire by cold forming;

austempering of the screw such that it attains a bainite

structure substantially extending over the entire cross-
section of the screw;

cold forming of the screw by stretching; and

heat treatment of the screw at a temperature of between

100° C. and 400° C. such that the screw attains a yield
ratio of between 0.97 and 1.05 and a uniform elongation
of at least 0.5%.

13. A method of producing a high strength screw, compris-

ing the steps:
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producing the screw from a wire by cold forming;

austempering of the screw such that it attains a bainite

structure substantially extending over the entire cross-
section of the screw; and

heat treatment of the screw at a temperature of between

350° C. and 600° C. such that the screw attains a yield
ratio of between 0.97 and 1.05 and a uniform elongation
of at least 0.5%.

14. A high strength screw having a bainite structure sub-
stantially extending over the entire cross-section of the screw,
wherein the screw has a yield ratio of between 0.97 and 1.05
and a uniform elongation of at least 0.5%.

15. The screw of claim 14, wherein the bainite structure is
at least partly produced by austempering.

16. The screw of claim 14, wherein the yield ratio has been
realized after austempering by cold forming and following
heat treatment of the screw.

17. The screw of claim 16, wherein cold forming of the
screw is stretching in an axial direction and heat treatment of
the screw is realized at a temperature of between 100° C. and
400° C.

18. The screw of claim 14, wherein the yield ratio after
austempering is realized by heat treatment of the screw at a
temperature of between 350° C. and 600° C.
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19. The screw of claim 14, wherein the screw has a uniform
elongation of at least 0.6%.

20. The screw of claim 14, wherein the screw has been
produced from wire being made of cold formable unhardened
and untempered steel having a carbon content of 0.2% to
0.6%.

21. The screw of claim 14, wherein the steel includes
alloying elements, namely, Cr, Mo, Mn, Ni, V, Nb and Ti with
a total share of more than approximately 1.1%.

22. The screw of claim 14, wherein the screw is designed as
an ultra high strength screw having a tensile strength R, of at
least 1400 N/mm?.

23. The screw of claim 14, wherein the screw includes a
coating, the coating being selected from the group consisting
of an anti-friction lacquer, a bonded coating and a lubricant,
the lubricant including at least one material selected from the
group consisting of MoS, MoS,, graphite, polyethylene and
other polymers.

24. The screw of claim 14, wherein the screw is phosphated
and oiled.

25. The screw of claim 14, wherein the screw includes a
low share of martensite of less than 15%.
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